Sheep lines with mutations in single genes that have major effects on ovulation rate have been very useful in gaining a better understanding of pathways important in controlling follicular development and ovulation rate. To date however, all known mutations are in the transforming growth factor beta (TGFB) superfamily. Ovulation rates were measured in 720 progeny of 20 rams that were descendants of a single prolific ewe. Evaluation of ovulation rates of daughters of closely related sires suggests the presence of a segregating major gene Fecundity Davisdale (FECD) that increases ovulation rate between 0.4 and 0.8 in heterozygous daughters. Key features of mutations in genes of the TGFB superfamily pathway, such as synergistic interactions with other family members, infertility in homozygous carriers, and increased responsiveness to exogenous gonadotropins, were not observed in this line; thus, the mutation does not appear to be acting in the TGFB pathway. Hence, there is likely a novel mutation being carried in this line of sheep that alters ovulation rate. Future identification of the causative mutation may provide new insights into regulation of follicular development and ovulation rate.
INTRODUCTION
While overall heritability of ovulation is relatively low (0.19) [1] , several lines of sheep with mutations in a single gene that affect ovulation rate have been established [2] . Currently, three separate genes, namely, bone morphogenetic protein 15 (BMP15), growth differentiation factor 9 (GDF9), and bone morphogenetic protein receptor, type IB (BMPR1B), have been identified as key factors regulating ovulation rate in sheep, as mutation in these genes causes alterations in ovulation rate [2, 3] . Multiple causative mutations have been identified for both BMP15 [4] [5] [6] [7] [8] and GDF9 [5, 9, 10] with a single mutation discovered to date, albeit in multiple lines of sheep, for BMPRIB [11] [12] [13] [14] [15] [16] . BMP15 and GDF9 are closely related members of the TGFB superfamily, both produced by the oocyte, which have been shown to cooperate to regulate granulosa cell function [17] . BMPR1B is a transforming growth factor superfamily receptor, and has been identified as a receptor for BMP15 [18] as well as other members of the family [19] . Thus, all mutations identified to date altering ovulation rate in sheep have been in the TGFB superfamily pathway, highlighting the key role of this family of proteins in regulating ovulation rate.
A completely inactivating mutation in either BMP15 or GDF9 results in the somewhat unusual phenotype, wherein ewes heterozygous for the mutation have increased ovulation rate, but those homozygous for the mutation are sterile, with primary ovarian failure [20] . Given that all three genes are in a common pathway, it is not surprising that some underlying phenotypes are commonly observed in ewes with mutations in this pathway, and that the genes interact in a synergistic manner. One common phenotype observed in ewes heterozygous for the BMP15 mutation, or homozygous for the BMPR1B mutation, is a greater response to the administration of exogenous gonadotropins to induce the ovulation of multiple follicles [21] .
Additional lines of sheep have been characterized in which differences in ovulation rate are caused by a putative major gene. We have established the Woodlands line, with an as-yet unidentified mutation on the X chromosome [22] . The Woodlands gene has been linked to alterations in the transforming growth factor beta (TGFB) superfamily pathway with differences in expression levels of mRNA encoding BMP15 observed in carriers of the Woodlands gene when compared to wild-type contemporaries [23] . Additionally, they show the increased responsiveness to exogenous gonadotropins when multiple ovulations are being induced, and the gene seems to interact synergistically with the mutations in BMP15 and BMPR1B [24] . Two other lines with putative major genes include the Wishart [25] and the Lacaune [26, 27] lines. While the potential role of the TGFB superfamily pathway in the Wishart line has not been investigated, the Lacaune gene does not seem to be interacting with the TGFB superfamily, as the effects of the genes appear additive as opposed to synergistic, and the physiology appears distinct from that observed in ewes with mutations in the TGFB superfamily [26, 27] . Thus, other as-yet unidentified pathways with major effects on ovulation are likely to exist, and could help identify novel pathways involved in regulation of ovulation rate. In addition, these single genes affecting ovulation rate can be used to rapidly increase prolificacy in sheep, a major driver of profitability in the commercial flock [28] , although increases in embryonic and fetal losses as ovulation rate increases prevents full capture of the potential of increased ovulation rates.
A successful method to establish lines with increased ovulation rate is the screening of ewes from commercial flocks [29] . A Border Leicester X Romney ewe in a small, commercial flock owned by Stan Davis was noticed after successfully raising quadruplets. This ewe had two additional sets of quadruplets, and successfully raised 18 lambs in her last six lambings (no records were kept of her performance for her first two lambings). The high litter size of this ''founder'' ewe continued down through at least five generations of females, despite no selection for prolificacy being placed on the sires. Additionally, the sires were unrelated, and included several different breeds, some of which typically have low prolificacy. Segregation was observed among females at subsequent generations, with some being highly prolific, while others were not. Additionally, segregation was observed in the sons of the founder ewe, with two sons having prolific daughters, while one son did not. These observations are all consistent with a single major gene affecting ovulation rate. The aims of these experiments were to 1) confirm the presence of a putative major gene affecting ovulation rate in this line, 2) exclude mutations in GDF9, BMP15, and BMPR1B as causative mutations, 3) determine if the putative major gene interacted with the BMP15 mutation, and 4) determine if animals heterozygous for the putative mutation had an increased responsiveness to exogenous gonadotropins.
MATERIALS AND METHODS
All experiments performed were with the approval of the Animal Ethics Committee at Invermay Agricultural Centre and in accordance with the 1999 Animal Protection (Codes of Ethical Conduct) Regulations of New Zealand. Ovulation rate (ova per reproductive cycle) was measured one to two times each breeding season for up to 4 years using laparoscopic evaluation of the ovaries [30] and determining the number of corpora lutea present. Ewes were weighed at the beginning of each breeding season. Within each comparison, ewes from all sires of interest were kept together during the breeding season, and thus were exposed to the same environmental conditions. Ewes had free access to pasture and water, and were provided with supplemental feed (hay) if sufficient pasture was unavailable.
Progeny Test 1
Daughters from four sires (A-D), all descended from the founder ewe ( Fig.  1) , were generated to determine if differences in ovulation rate were observed to be linked to sire. The dam of sire A was a ewe with a life history of prolificacy (litters included three sets of triplets and one set of quadruplets), whereas his Texel sire was of unknown prolificacy phenotype. Sires B and C were fullsibling sons of sire A, and their dam had a life history of prolificacy (litters included one set of triplets and one set of quadruplets). The dam of sire D showed some evidence of prolificacy (litters included one set of triplets), and her dam was highly prolific (one set of triplets and one set of quadruplets). The sire of sire D was of unknown prolificacy phenotype. Ovulation rates of ewes during natural, spontaneous estrous cycles were measured twice at 1.5 years of age, and once each at 2.5, 3.5, and 4.5 years of age.
Progeny Test 2
Daughters from three sires (E-G) were generated to determine if the putative gene might interact with the Inverdale gene (FecX I , mutation in BMP15) [4] . These sires were related to those used in progeny test 1. Sires E and F were related to sire D, as their dam was the maternal grand-dam of sire D. This ewe was shown to carry the Inverdale mutation in BMP15, and both sons were carriers. Sire G was a son of the full sister of sire A. All three sires were progeny of the same sire of unknown prolificacy phenotype. Daughters were generated in two successive years (n ¼ 23-26 daughters in Year 1 and 9-12 daughters in Year 2, for a total of 34-36 daughters per sire). Ovulation rates of natural, spontaneous estrous cycles were measured by laparoscopy twice at 1.5 and 2.5 years of age in both cohorts, and twice at 3.5 years of age in the daughters born in the first year.
Progeny Test 3
Sire G and five of his sons (sires H-L) were used to generate daughters for progeny test 3. Dams of sires H-L were all of a similar genetic background, with sires H and I being full siblings. Ovulation rates following natural, spontaneous estrous cycles were measured by laparoscopy twice at 1.5, 2.5, and 3.5 years of age.
Progeny Test 4
Five sires (M-Q), including three full siblings (M-O) that were grandsons of sire G were generated by mating sire B with daughters of sire G. The average lifetime ovulation rate of the dams of sires M-O was 2.25, of sire P was 2.0, and of sire Q was 2.63. Three sires (R-T) were generated by mating sire B with three control ewes from an unrelated flock. The average lifetime ovulation rate of each of the three dams for sires R-T was 2.0. Ovulation rates of natural, spontaneous estrous cycles were measured in daughters of sires M-T (n ¼ 25-28 daughters per sire) twice at both 1.5 and 2.5 years of age.
Generation of Putative Homozygous Carriers of the Davisdale Gene
Putative homozygous daughters were generated by mating daughters of sires A-C with sire G (group 1) and mating daughters of sire G with sire B 
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(group 2). These two crosses were chosen to minimise inbreeding. In group 1, a total of 46 potentially homozygous daughters were generated (n ¼ 13-18 from dams with each of sires A-C). The 28 daughters of sire G generated in progeny test 3 that were from dams that were not potential carriers of the Davisdale gene but were of a similar genetic background were used for comparison. The potential homozygous carriers of the Davisdale gene were kept together with the ewes listed in progeny test 3 until they were 2 years of age, and thus comparable ovulation rates were obtained twice when the ewes were 1.5 years of age. In the second group, 21 potential homozygous daughters were generated. For comparison, sire G was mated to control ewes that were not potential carriers of the Davisdale gene to generate 27 potential heterozygous ewes of a similar genetic background. Ovulation rates of natural, spontaneous estrous cycles were measured twice at 1.5 years of age and once at 2.5 years of age.
Sequencing of the Coding Regions of GDF9 and BMP15, and Testing for the BMPR1B Mutation in Putative Carriers and Noncarriers of the Davisdale Gene
For sequencing of GDF9 and BMP15, DNA was isolated from six putative carriers of the Davisdale gene (sires A-C, F, G, and dam of sires E and F) and two putative noncarriers (sires D and E). Given the multiple mutations that have been identified in both GDF9 and BMP15, the full coding sequence of each of these genes was determined using methods previously described [23] . These animals were also tested for the single causative mutation in BMPR1B using a commercial genotyping laboratory (Genomnz Laboratory, Mosgiel, New Zealand).
Determination of Responsiveness to Exogenous Gonadotropins
When the daughters of sire D (noncarriers n ¼ 13) and sires A-C (putative carriers, n ¼ 19 total, 5-7 per sire) were 5.5 years of age, they were tested for their responsiveness to exogenous gonadotropins given the previous observations that ewes with mutations in the TGFB superfamily pathway show increased responsiveness to FSH [21] . Ewes underwent a single multiple ovulation induction (i.e., superovulation) using ovine FSH (Ovagen; ICPbio, Auckland, New Zealand) following manufacturer's instructions, as described previously [31] . Briefly, ewes were given exogenous progesterone for 13 days (Eazi-breed Controlled Internal Drug Release [CIDR] sheep & goat insert; Pfizer Animal Health, Auckland, New Zealand). On the morning of Day 10, eCG (300 i.u.; Folligon; Intervet/Schering-Plough Animal Health, Upper Hutt, New Zealand) was administered. Ovine FSH (Ovagen, 1 ml containing 0.9 mg NIADDK-oFSH-17 biopotency) was given twice daily for 4 days beginning on the morning of Day 10. Ovulation rate was determined using a laparoscope 8 days after removal of the CIDR.
Statistical Analyses
Ovulation rate data for the progeny tests were first analysed by fitting a generalized linear model [32] using a normal distribution and an identity link. The model included live weight, sire, and year. Significant differences were confirmed by a randomization test. In addition, two-way comparisons of ovulation patterns between sires when the ovulation rate classes were 1, 2, or !3 were determined by using a generalized linear model with a Poisson distribution and a log link. Finally, the numbers of ewes that had at least one ovulation rate of !3 during their lives were compared between sires using a v 2 test. Ewes for which observations were taken only at 1.5 years of age were excluded from this analysis, with the exception of comparisons between heterozygous and homozygous carriers. Ovulation rate following induction of multiple ovulations with exogenous FSH was compared in putative carriers and noncarriers using a Student t-test.
RESULTS

Progeny Test 1
Average ovulation rates of daughters of sires A-D, corrected for an average prebreeding live weight of 66.9 kg, are given in Table 1 , along with the distributions of ovulation rate observations and the percentage of ewes with at least one ovulation rate measurement of !3. Ovulation rates of daughters of sires A-C were similar to each other, and greater than those observed in daughters of sire D. Thus, sires A-C were classified as putative carriers of the Davisdale gene, with sire D being classified as a noncarrier.
Progeny Test 2
Average ovulation rates of daughters of sires E-G, corrected for an average prebreeding live weight of 56.5 kg, are given in Table 2 . DNA testing revealed that sires E and F were FecX I Y (Inverdale carriers), whereas sire G was not. For Inverdale carrier sires F and E, the higher ovulation rate observed in sire F when compared to his full sibling, sire E, is consistent with sire F carrying a copy of both the Inverdale and Davisdale gene, with sire E only carrying the Inverdale gene. Given the known effect of the Inverdale gene increasing ovulation rate by 61% [33] , the calculated base ovulation rate of wild-type ewes would be approximately 1.4. As sire G does not carry the Inverdale gene, the measured ovulation rate of his daughters at 
Progeny Test 3
The average ovulation rates of daughters of sire G, and five of his sons (sires H-L), corrected for average prebreeding live weight of 61.9 kg, are presented in Table 3 . While an overall effect of sire on ovulation rate was observed with the generalized linear model fitted using a normal distribution and an identity link (P , 0.05), the pair-wise comparison did not clearly show differences between any individual pair of sires. However, the comparison of the pattern of distribution of ovulation rate indicates that there were differences among the sires. In addition, there was clear segregation in the proportion of ewes that had at least one ovulation rate observation of !3 during their lives. Taken together, these data are consistent with there being segregation of ovulation rate phenotypes among sons of sire G, who was classified as a putative carrier of the Davisdale gene. Thus, sires I and J were classified as noncarriers, and H, K, and L were classified as carriers; this includes differences in ovulation rate of daughters of two sires (H and I) that are full siblings.
Progeny Test 4
The average ovulation rates of daughters of sires M-T, corrected for an average prebreeding live weight of 60.7 kg, are presented in Table 4 . These sires are all at least half siblings, and are sons of sire B, who was classified as a carrier. In addition, sires M-Q, of which M-O are full siblings, were generated from daughters of ram G; thus, these sires could be homozygous carriers of the Davisdale gene. Dams of rams R-T were not sired by a carrier Davisdale ram, and thus could be only heterozygous carriers of the Davisdale gene. Of note, average ovulation rates of daughters of sire R (classified as a heterozygous carrier) were very similar to those observed in sires N, O, and Q, and higher than those observed in S, T, and P (classified as noncarriers). Thus, it seems unlikely that a ram homozygous for the Davisdale gene has been generated.
Generation of Putative Homozygous Carriers of the Davisdale Gene
Average ovulation rates (at prebreeding live weight of 60.5 kg) of daughters generated from mating sire G with dams that were sired by sires A-C compared to daughters generated from mating sire G with wild-type ewes are given in Table 5 . Likewise, average ovulation rates (at prebreeding live weight of 61.4 kg) of daughters generated by mating sire B with dams that were progeny of sire G as well as contemporary daughters of sire B by wild-type dams are given in Table 5 . All ewes examined underwent reproductive cycles, as evidenced by the presence of corpora lutea on the ovary, and thus no animals presented with signs of primary ovarian failure. The group of daughters containing potentially homozygous individuals, as well as potentially heterozygous and wild-type individuals, had a higher average ovulation rate than the group only containing potential heterozygous or wild-type ewes. However, the highest ovulation rate observed during a ewe's lifetime was similar between the groups of daughters in which carriers could be either homozygous or heterozygous and those that could only be heterozygous carriers of the Davisdale gene.
Sequence Analyses of BMP15, GDF9, and BMPR1B
No animals tested were shown to carry the causative mutation underlying increased ovulation rate in BMPR1B. Observed polymorphisms in the GDF9 and BMP15 genes are given in Table 6 . In no case did any variations in GDF9 sequence segregate between carriers and noncarriers of the Davisdale gene. 
Response to Exogenous Gonadotropins
No differences in response to exogenous gonadotropins were observed between putative carrier and noncarrier Davisdale ewes. The average ovulation rate of putative carrier ewes following administration of exogenous gonadotropins was 14.0 6 1.6, whereas that for the noncarriers was 13.4 6 2.1. The range for putative carrier ewes was 5-28, whereas that for control ewes was 5-33.
DISCUSSION
Collectively, the data presented here are consistent with the presence of a putative single autosomal major gene affecting ovulation rate within the Davisdale flock. The predicted effect of this gene is between 0.4 and 0.8 additional ovulations at each reproductive cycle for a ewe carrying the Davisdale gene when compared to her wild-type contemporaries. This value is calculated taking into account that only approximately one-half of the daughters of a putative heterozygous carrier of the Davisdale gene would in fact carry the gene. Within multiple progeny tests, significant differences in ovulation rate were observed in daughters of closely related sires. Included in these observations were examples of full-sibling sires whose daughters' average ovulation rates differed significantly. Importantly, the putative Davisdale gene came from the dam for one set of full siblings (sires E and F), whereas it was inherited from the sire in the other set of full siblings (sires H and I). This is indicative of an autosomal gene with no apparent imprinting regarding the ability of the sire to transmit to his daughters. The expression following inheritance from the dam on ovulation rate in a ewe has not been rigorously tested. However, given that the initial selection for high fecundity in the small commercial flock was based solely on selection pressure on the maternal line, it seems most likely that ewes inheriting the gene from their mothers would also express the Davisdale gene, as triplet and quadruplet litters were common down the generations in the maternal line. Collectively, there is no evidence that this putative gene is affected by imprinting.
As indicated previously, evidence for an autosomal localization for this putative gene is provided from progeny test 3, in which five sons of a putative heterozygous carrier ram from ewes not part of the Davisdale flock were used to generate daughters by out-crossing to wild-type ewes. Analyses of the ovulation rate records of the daughters are consistent with three of these sons being carriers, whereas two sons are classified as noncarriers. This provides a clear indication that the gene is autosomal, as if it was X-linked; none of the sons would be predicted to be carriers. Further evidence for an autosomal localization is observed in progeny test 4, wherein the ovulation rate of daughters of sire R is equivalent to or higher than that of daughters of sires M-Q, and higher than that observed for daughters of sires S and T. Given that sires M-Q could have inherited from either parent, whereas sires R-T could only inherit from their sire, these observed differences in ovulation rate of the daughters are consistent with an autosomal location of the gene.
Several sheep lines have been developed with putative or identified major genes affecting ovulation rate. Currently, mutations affecting ovulation rate in sheep have been identified in three genes, namely, GDF9 [5, 9, 10], BMP15 [4] [5] [6] [7] [8] , and BMPR1B [14] [15] [16] . These three genes are all in the same pathway, being closely related members of the TGFB superfamily (GDF9 and BMP15) or a receptor for the TGFB superfamily members (BMPR1B) [17] . The mutation in BMPR1B was not observed in any of the animals tested, and thus cannot explain the differences observed in ovulation rates between daughters of closely related sires. The only sequence variation observed in BMP15 was a GTC-to-GAC transition that changes Val to Asp at amino acid position 299, previously identified as the causative mutation in Inverdale sheep [4] . This was observed in sires E and F and their dam, which were used to test the potential interactions between the Inverdale gene and 
a SNP, single nucleotide polymorphism. b Sample ID equates to sire letter for males and sample 1 is the dam of sires E and F.
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the Davisdale gene. In addition, because BMP15 is located on the X chromosome, mutations in this gene would not account for the autosomal inheritance pattern observed for the Davisdale gene. Thus, no new mutations were identified in BMP15 that could underlie the phenotype observed in the daughters of the putative Davisdale gene carrier sires. Several sequence variations in GDF9 were observed. These included a CTG-to-CTA transition previously observed [5] , which caused no change in Leu at amino acid 159. This was observed in one putative noncarrier (sire D) and two putative carriers (sires A and C). A GTT-to-ATT transition, which has been previously observed [5] , and which results in a Val-to-Ile change at amino acid 332, was identified. This transition was observed in three putative carrier sires (C, E, and F). Changes were observed that affected amino acid 286 (changed from an Arg to a Met, an AGG-to-AGT transition). This variation was observed in two carrier animals (sire G and the dam of sires E and F) and one noncarrier (sire E). A change from CGG to CGA previously observed [9] , which results in no change to the Arg at position 250, was observed in four animals (two carriers, sire G and the dam of sires E and F, and two noncarriers, sires D and E).
Given that all of the polymorphisms were silent (i.e., no change in the amino acid), had previously been shown not to effect ovulation rate, and/or did not segregate according to the putative Davisdale genotype, these mutations in the GDF9 coding sequence are unlikely to be the underlying cause of the observed differences in ovulation rate. In addition, all mutations identified to date in BMP15 have resulted in a sterility phenotype in homozygous carriers [4] [5] [6] , and two of three mutations identified to date in GDF9 have had a similar sterility phenotype in homozygous carriers [5, 9] . No evidence of sterility was noted in a total of 73 daughters that were potential homozygous carriers of the Davisdale gene. Given that, 9 (12.5%) of these ewes would be predicted to be homozygous for the Davisdale gene, the chances that no homozygous carriers were generated is very unlikely. An additional 103 ewes have since been generated by crossing a putative carrier sire with daughters of putative carrier sires, and thus 13 (12.5%) of these ewes would be predicted to be homozygous for the Davisdale gene. All of these ewes have gone on to have normal ovulatory cycles. Thus, mutations that would inactivate either GDF9 or BMP15 seem highly unlikely. The third mutation that has been identified in GDF9 has a somewhat unusual phenotype in that little to no effect was observed in heterozygous carriers of the gene, whereas homozygous carriers of the gene had increased ovulation rates [10] . This observation indicates a synergistic effect for mutations that are partially inactivating. The relatively small difference in ovulation rate between the group of ewes predicted to contain 12.5% DD (homozygous Davisdale), 50% Dþ (heterozygous Davisdale), and 37.5% þþ (wild-type) ewes, and those predicted to contain 50% Dþ and 50% þþ ewes, as well as the failure to observe an increased number of extreme ovulation rates (i.e., .4) in the groups of ewes with putative homozygous carriers of the Davisdale gene, are consistent with the Davisdale gene acting in either a dominant or additive fashion, with little evidence of synergism. Given this apparent lack of synergism, a mutation that would affect the level of expression of GDF9 appears unlikely to explain the increased ovulation rate in the Davisdale animals.
Several other observations are also inconsistent with a mutation in the TGFB superfamily pathway being involved in the increased ovulation rate observed in the Davisdale animals. Examination of the interactions of the Davisdale gene with the Inverdale gene was undertaken in progeny test 2. Given that the increase attributed to the Davisdale gene in sire F is approximately 0.8 ovulations in heterozygous daughters, which is the same as the calculated approximately 0.8 ovulations attributed to the Davisdale gene in sires G and A-C, the effects of the Inverdale gene and Davisdale gene would appear to be additive, not synergistic. In previous studies of animals heterozygous for causative mutations in either GDF9 and BMP15 or BMP15 and BMPR1B, a synergistic interaction between mutations of different members of the TGFB superfamily pathway has been shown [5, 34] . Thus, the lack of synergism with the Inverdale gene is inconsistent with the Davisdale gene affecting the TGFB superfamily pathway.
Other prolificacy genes for which the causative mutation has not yet been found have also been identified. The Woodlands gene is known to be X-linked, has a very unusual imprinting pattern, and interacts with the Inverdale and Booroola mutations [22, 24, 35] ; thus, it is very unlikely that this is the gene affected in the Davisdale line. The Lacaune sheep, which carry an autosomal mutation on chromosome 11 that increases ovulation rate in heterozygous animals, has a similar phenotype to the Booroola animals in that ewes thought to be homozygous for the mutation have very high ovulation rates (i.e., up to 11) [36] . This pattern is different to what is observed in the Davisdale animals. The putative Wishart gene is autosomal, and the predicted effect on ovulation rate of heterozygous daughters is approximately 0.8-1.0 [25] . Additionally, putative homozygous carriers of the Wishart gene do not have extreme ovulation rates [25] . Thus, the phenotype observed in the Davisdale flock is not dissimilar to that previously observed in the Wishart flock, and it is possible that these are common mutations or separate mutations in the same pathway. There is no known link between the two flocks, but given that the original prolific ewe of the Davisdale line was of unknown background, common ancestry between these lines cannot be ruled out. Further investigation to determine the identification of the causative mutations, or whether the Wishart gene and the Davisdale gene interact, will be required to determine if these two putative genes work in the same pathway.
There was some variation in the predicted effect of the gene between the progeny tests, with the effect of a single copy of the gene likely between 0.4 and 0.8 additional ovulations at each reproductive cycle for a ewe carrying the Davisdale gene when compared to her wild-type contemporaries. Currently, it is not know what causes this apparent variation in the level of expression of the Davisdale effect. It is known that environmental factors, such as the level of nutrition just prior to ovulation, can alter ovulation rate [37] . While, within each progeny test, daughters from all sires were kept together during the breeding season, and thus exposed to similar environmental conditions, these conditions would vary from year to year. However, the time of observation (i.e., effect of year and time within year) was not a major cause of variation in the data set, and no interactions were observed between sire and time. Thus, the observed differences in levels of expression did not seem closely linked to alterations in environmental conditions during the breeding season. It has also been shown that events occurring during fetal life can alter some aspects of reproductive function [38, 39] , and thus it is possible that the animals carrying the Davisdale gene interact with the environment to which their mothers are exposed differently than their wild-type contemporaries.
Another factor that could influence the variability in apparent expression could be interactions with other genes. While controlled within a progeny test, the ewes used to generate daughters did come from a variety of genetic backgrounds when comparing progeny tests, and thus an 118 interaction with other genes controlling ovulation rate is one possible explanation for the differing expression. Crossbreeding of ewes carrying others genes with identified mutations with major effects on ovulation rate have shown interactions, as described previously for the Inverdale and Booroola mutation, as well as mutations in GDF9 and BMP15 [5, 34] . While the evidence to date does not support the mutation that would underlie the Davisdale gene interacting with the TGFB superfamily pathway, it could interact with other pathways. A better understanding of the variation of the effect requires at least the generation of a sire that is a putative homozygous carrier of the Davisdale gene, or, ideally, the identification of the underlying genetic mutation.
In conclusion, the collective ovulation rate records across four progeny tests of a total of 20 sires (720 daughters) descended from a prolific female provide strong evidence for a putative major gene controlling ovulation rate segregating in the Davisdale line. The gene appears to be autosomal, and increases ovulation rate by about 0.4-0.8 in heterozygous ewes. There is no evidence of infertility in homozygous ewes, and the effects of the gene appears additive. This gene does not appear to be in the TGFB pathway, as it does not interact with mutations in BMP15, and thus likely represents a new pathway controlling ovulation rate. We propose that the putative locus is named Fecundity Davisdale (FECD), in accordance with the current names for known fertility genes in sheep [40] .
